M any areas of the United
States produce cucurbits (Cucurbita spp.) for local and regional consumption. In the southeastern United States, weather is often conducive to the development of fungal diseases and subsequent yield loss. Two of the most important fungal diseases of cucurbits are powdery mildew (PM) and downy mildew (DM) (Zitter et al., 1996) . These foliar diseases reduce fruit number, fruit quality, and the length of time crops can be harvested. Fungicide application to vegetable crops is generally preventive in nature rather than curative, and many states publish pesticide spray schedules for high-value crops. Thus, most fungicides are applied at a set schedule during some or all stages of a crop's production cycle or are applied based on integrated pest management models that forecast environmental conditions conducive to growth and infection by one or more pathogens. Models have been developed to forecast weather conditions favorable for disease occurrence such as TOM-CAST for tomato early blight (Alternaria solani), anthracnose (Colletotrichum coccodes), and septoria leaf spot (Septoria lycopersici) (Gleason et al., 1995) and cucurbit DM spore movement (Holmes et al., 2006) . Some growers schedule sprays using these models and, as a result, often benefit from reduced fungicide applications and increased yield. However, adoption of these models by growers and consultants has been slow. Early application of fungicides has been shown to reduce gummy stem blight [Didymella bryoniae (synonym Mycosphaerella melonis)] in watermelon (Citrullus lanatus) compared with delayed applications, but differences in final spray date did not influence the area under the disease progress curve (Keinath, 2000) . In a later paper, the same author reported fungicide scheduling increased marketable watermelon fruit yield and quality when the severity of gummy stem blight was high, but had little influence on yield or quality when severity was moderate or low (Keinath, 2001) . In addition to several common fungicides, several types of less traditional and potentially synergistic products are available. Phosphonic acid, phosphorus acid, or phosphonate fungicides used alone or in combination with traditional fungicides have been evaluated for the control of PM and DM in cucurbits and cole crops (Brassica spp.). Two such products, Biophos (Foliar Nutrients, Westminster, Colo.) and Phostrol (Nufarm Americas, Burr Ridge, Ill.) (Raid, 2005) , reduced DM severity in chinese cabbage (Brassica rapa var. pekinensis) when used alone or in combination with mancozeb. Prophyt (Helena Chemical Co., Collierville, Tenn.), another P-based product, reduced the severity of DM of lettuce when used alone or with traditional fungicides (Raid and Meister, 2006) . Potassium bicarbonate reduced the amount of PM on the upper leaf surface of muskmelon (Cucumis melo) (Turini et al., 2003) . These products were reported to be systemic in plant tissue (Cooke and Little, 2001 ), but various plant species differ in their ability for uptake and distribution. Phosphonic acid compounds are reported to be effective against oomycete fungi by inhibiting oxidative phosphorylation (McGrath, 2004) .
There is a paucity of information about fungicidal activity of other compounds primarily sold for foliar fertilizer use. Foliar nitrogen products, often composed of a slowrelease and proprietary mixture of urea, diurea, or methylene urea, have been reported to slightly increase lint yield of cotton (Gossypium hirsutum) (White et al., 1995) . It is not known how a foliar N product will affect pumpkin yield or disease severity when combined with K and phosphite products and traditional fungicides in a disease management program.
Other researchers that have compared selected approaches to manage foliar diseases of vine crops have published similar conclusions-that is, fungicide application reduced disease severity compared with no fungicide application. This simple, but basic conclusion was reported regardless of the management approach under investigation-for example, a modeling approach for managing DM of pumpkin (Langston and Garner, 2001 ), a preventive fungicide spray schedule for controlling PM of squash (Cucurbita pepo) based on crop growth stage (Langston and Kelley, 2001) , or an integrated pest management threshold method to schedule preventive applications for PM of pumpkin (McGrath, 2002) . Results from such studies have produced varied results about which method of fungicide application would be best suited for managing foliar diseases of cucurbits, but all reported fungicide applications greatly improved vine growth, yield, and fruit quality compared with untreated controls.
Fungicide resistance management is an important aspect of any fungicide program for the control of foliar diseases of cucurbits. Benomyl, triadimefon , and two strobilurin fungicides have been shown to control cucurbit PM inadequately in field research plots (McGrath, 1999) . Fungicide-insensitive strains of the PM fungus developed after repeated use of the same product. Thus, any fungicide program to manage foliar diseases of cucurbits should use tank mixes or rotation of multiple products with different modes of action. The objective of this study was to compare low-input (LI) and high-input (HI) management approaches (early or delayed time of first application) with combinations of fungicide products to reduce losses associated with PM and DM on pumpkin.
Materials and methods
Plantings of pumpkin were established at two locations in Mississippi (Verona and Crystal Springs) and two in Tennessee (Crossville and Jackson) during Summer and Fall 2002. Two management approaches were compared in combination with six fungicide treatments and a water-only control. Management approaches were ''low'' or ''high.'' LI consisted of foliar applications of fungicides beginning immediately after visual symptoms of leaf disease became evident and then continuing at 7-to 10-d intervals until 1 week before harvest. Plants were examined weekly for disease symptoms beginning 3 to 4 weeks after planting. HI consisted of foliar applications of fungicides beginning 20 d after seeding (DAS) and also continuing at 7 to 10-d intervals until 1 week before harvest. All fungicide treatments received azoxystrobin (Quadris; Syngenta Crop Protection, Inc., Greensboro, N.C.) in rotation with chlorothalonil (Equus 720; Griffin L.L.C., DuPont de Nemours and Co., Wilmington, Del.) each in a tap water solution. Azoxystrobin and chlorothalonil were applied at labeled rates, alone or in combination with potassium bicarbonate ( . Spray treatments consisted of a control, defined as a spray application of tap water, and six combinations of azoxystrobin/chlorothalonil alone or with various combinations of the previously mentioned foliar-applied chemicals (Table 1 ). The experimental design at each location was a randomized complete block with four replications and a 2 · 7 factorial arrangement of treatment combinations.
Raised beds were formed 15 ft apart at Verona, Miss., Crossville, Tenn., and Jackson, Tenn.; and 10 ft apart at Crystal Springs, Miss., centerto-center. Plots were 20 ft long with plants spaced 2 ft apart in the row, making a total of 10 plants per plot. Drip irrigation tubing, rated at 0.3 gal/min per 100 ft at 10 psi, was placed off center on the top of the bed. Preplant fertilizer was incorporated in the soil during bed formation at the rate of 50 lb/acre N. Fertilizers supplying P and K, and liming materials to adjust soil pH, were applied according to soil tests and laboratory recommendations. Ammonium nitrate (NH 4 NO 3 ) sidedressing, supplying an additional 30 lb/acre N, was broadcast at Crystal Springs, Miss., and applied through the drip tubing at the other locations %25 to 30 DAS.
'Lil' Goblin' (Harris Moran Seed Co., Modesto, Calif.), a cultivar characterized in one study as relatively susceptible to DM and PM (Stanghellini et al., 2003) . ). Each hill was planted with two or three seeds. Ethalfluralin (except at Crystal Springs) and clomazone herbicides were applied immediately after seeding. After germination and emergence, hills were thinned by hand to one plant per hill 14 DAS. Row middles were mechanically cultivated with a tractormounted rototiller until vine growth prevented further cultivation. Active hives of honeybees (Apis mellifera) were placed within 0.25 mile of each planting to assist with pollination. When plants were relatively small, from emergence to about 2 feet in diameter, fungicide treatments were applied with 20 to 25 gal/acre water, using a manually operated backpack sprayer (model 425; Solo, Newport News, Va.). When plants grew larger, treatments were applied with a motorized mist blower at Verona (model 444; Solo). At Crystal Springs, each fungicide treatment blend was applied using a CO 2 -charged hand-held sprayer with four evenly spaced hollow-cone nozzles creating a 6-ft-wide spray pattern. At all locations, plants were sprayed to ensure thorough coverage and penetration of the foliage but not to run off. Regardless of the sprayer used, the tank and boom were thoroughly rinsed between each application. Imidacloprid was applied as a soil drench 26 July 2002 at Verona, Miss. Additional insect controls were applied at labeled rates based on scouting at each location. At all locations, irrigation was applied through the drip tape so that, in combination with precipitation, the crop received at least 1.0 acre-inch of water per week.
Plants were rated twice for foliar diseases at each location between 45 and 75 DAS. Upper (adaxial) leaf surfaces of the center five plants of each plot were rated subjectively for percentage leaf area affected by PM and DM. This was a composite visual judgment that first estimated the relative number of leaves exhibiting disease symptoms and then estimated the relative leaf area of diseased leaves exhibiting symptoms. Together, a single number was determined for each plot and for each disease. Pumpkins were harvested from the center eight plants in each plot 2 Oct. 2002 , 11 Nov. 2002 , and 28 Oct. 2002 at Verona, Crystal Springs, and Crossville respectively. Fruit were graded as marketable or unmarketable (included immature, small, poor color, or rotting fruit), counted, and weighed. Yield data were statistically compared using PROC MIXED in SAS (SAS Institute, Cary, N.C.) with location as a random effect. Disease rating data were statistically compared in a similar manner, except time (first and second evaluations) was included in the model as a repeated measure.
Results and discussion
Growing conditions, plant nutrition, and insect control were generally good to excellent at all locations except Jackson, Tenn., where unusually wet conditions early during the growing season prevented application of all treatments. Severe DM followed that then led to total yield loss and, as a result, data from this location were dropped from the combined analysis. A 10-inch rain event at Crystal Springs, Miss., in late September (33 DAS) created an unusually challenging environment for disease control for a period of time, including a high risk for DM development along much of the Gulf of Mexico coast (Holmes et al., 2006) . Plants at all locations exhibited symptoms of both DM and PM by the time of early fruit set. Signs of disease appeared at all locations within 40 to 50 DAS. The first LI spray was applied 55, 46, and 42 DAS at Verona, Crystal Springs, and Crossville respectively. The number of LI and HI spray applications was two and five, five and seven, and five and six at Verona, Crystal Springs, and Crossville respectively. LI saved an average of two spray applications across locations. Later in the growing season, many control plots were nearly completely defoliated and many of the treatment plots exhibited varying levels of PM and DM foliar symptoms (Fig. 1) . The percentage of disease in control plots was 87 and 82 for PM and DM respectively, 75 DAS, leading to an almost complete defoliation at time of harvest (Table  2 ). All plots produced at least some marketable fruit.
There were no significant interactions between management approach and fungicide treatments for yield, fruit number, cull fruit, or average fruit weight (Table 3) . Across locations, pumpkin yield and fruit number from HI averaged 21% greater than that of LI, but this difference Table 1 . Products, application rates, and treatment combinations used in pumpkin experiments at two locations in Mississippi and one in Tennessee. Treatment combinations of fungicides and foliar-applied products were applied to pumpkin according to an LI approach on a 7-to 10-d interval only after PM or DM became evident on foliage, or an HI approach on a 7-to 10-d interval beginning 20 DAS emergence regardless of evidence of disease. was not statistically significant (Table  3) . Fungicide treatments affected marketable yield and average marketable pumpkin weight, but only in comparison with the control. All six of the fungicide treatments produced significantly greater yields than the control by an average of 49% (number per acre) and 62% (hundredweight per acre). Among the six fungicide combinations, however, there were no significant differences in yield (number per acre and hundredweight per acre). Management approach or fungicide treatment did not affect number of culls, which averaged 890 culls/acre across all treatment combinations (Table 3) . Percentage of diseased foliage more than doubled from the first to the second observation regardless of the management approach (Table 2) . PM ratings of LI foliage were almost double that of HI foliage for the first and second observations, but these differences were not statistically significant (Table 2) . Similarly, DM ratings of LI foliage were higher than those of HI foliage for the first and second observations, respectively, but only the first rating was statistically significant. PM and DM ratings among the spray treatments were nonsignificant for each of the first observations, although there was almost a fivefold difference in PM ratings from a low of 11% to a high of 52% and more than a threefold difference in DM ratings from a low of 12% to a high of 37%. Disease ratings for each of the second observations were significant, with PM ratings ranging from 32% to 87% and DM ratings ranging from 30% to 82%. In each case, ratings for the untreated control were significantly greater than any of the six fungicide treatments, and among the six fungicide combinations there were no significant differences. There were no significant interactions between management approach, fungicide treatments, and time of rating.
Although the current work found no advantage to including potassium bicarbonate or foliar phosphite in a fungicide tank mix, there are reports of potassium carbonate, potassium bicarbonate, or potassium phosphite reducing fruit tree diseases (Reuveni et al., 2003) . Potassium carbonate has been shown to reduce spore germination and kill germ tubes in apple scab (Venturia inaequalis) (Schulze and Schönherr, 2003) , although we can find no reports of disease reduction from these products in cucurbits.
In summary, our results indicate that HI, which involved the application of fungicides beginning 20 DAS and continuing at 7-to 10-d intervals until harvest, increased yield and decreased disease ratings numerically but not significantly compared with LI, which involved the application of fungicides beginning at the first visible indication of leaf disease and continuing weekly until harvest. There were an average of four spray applications for LI and six for HI, a 50% increase in the number of applications. It is clear from our results that either of the two management approaches and any of the six fungicide treatments were superior to the water-only controls. Therefore, the simplest of the treatments, the azoxystrobin/chlorothalonil rotation without any of the other chemicals added to the spray solution, can be recommended for general use. The other products tested neither enhanced nor detracted significantly from the efficacy of the fungicides Table 3 . Marketable and unmarketable pumpkins of 'Lil' Goblin' and average weight from two locations in Mississippi and one in Tennessee during 2002. Combinations of fungicides and foliar products were applied to pumpkin plants according to a low-input (LI) approach on a 7-to 10-d interval only after disease became evident on foliage, or a high-input (HI) approach on a 7-to 10-d interval beginning 20 d after seedling emergence. under the conditions of this study. Ratings of PM and DM disease symptom development support these conclusions. Expenses associated with scouting or additional spray applications must also be considered when deciding between the LI and HI approaches.
